Introduction {#sec1-1}
============

Depending on the duration of the disease, compensatory deformations in every patient are expressed to varying degrees due to limb shortening on the side of the affected joint \[[@ref1]\]. All these changes together affect the vertebrarium-pelvis-lower limbs anatomic complex \[[@ref2]\], \[[@ref3]\], \[[@ref4]\]. Especially in case of marked changes after joint endoprosthetics with the observation of all rules of components installation, patients are troubled by pain both in the early and the late post-surgery periods, which is not associated with the prosthesis \[[@ref2]\], \[[@ref5]\], \[[@ref6]\], \[[@ref7]\]. Many papers have been published that are focused on studying this problem, and various authors propose methods of components installation concerning the characteristics of each patient \[[@ref8]\], \[[@ref9]\], \[[@ref10]\], \[[@ref11]\], \[[@ref12]\]. It should be noted that there are various methods of visualisation and assessing the adjacent hip joint structures \[[@ref13]\], \[[@ref14]\] ([Figure 1](#F1){ref-type="fig"}).
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An example is X-ray imaging of the entire lower extremity and the pelvis. However, this examination is often performed in the lying position on the back with the use of several films ([Figure 2](#F2){ref-type="fig"}) \[[@ref15]\], and, in case of analog X-ray photography, without the possibility of assessing the vertebrarium-pelvis-lower limbs anatomical complex with the baseload \[[@ref16]\], \[[@ref17]\], \[[@ref18]\] ([Figure 3](#F3){ref-type="fig"}).
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The aim of this research is to develop a device and a method that would contribute to solving the existing challenges of pre-surgery planning of hip endoprosthetics in patients with related pathologies, which have caused compensatory deformation, and making long vertebrarium-pelvis-lower limbs scout images with the patient lying on his back with an axial load in a computer tomography.

Material and Methods {#sec1-2}
====================

To test the method, the authors conducted 247 studies along with the routine planning procedures to assess the efficiency of the method. The study was performed both in the standard conditions and with the use of the device developed at the Department of Traumatology, Orthopedics and Disaster Surgery of the Sechenov University ([Figure 4](#F4){ref-type="fig"}).
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The device is a vest that is put on the patient. The vest is connected to a rigid platform under the patient's feet with rods. The rods are fitted with force meters connected to the monitor that displays the pressure on the platform.

Thus, the device allows creating an axial load on the vertebrarium, hip joints, knee joints, ankle joints and feet with the patient lying on his back. The monitor continuously records the force applied to force meters and displays the axial load in kilograms.

A CT scanner Toshiba Aquilion ONE 640 was used for the study. The analysis was performed by standard X-ray imaging of the pelvis and knee joints followed by CT scanning of the same patients with the use of the method developed at the Department of Traumatology, Orthopedics and Disaster Surgery of the Sechenov University.

The results of the research with the use of the new method were assessed with the help of building axes and angles before ([Figure 5](#F5){ref-type="fig"}) and after surgery ([Figure 6](#F6){ref-type="fig"}).
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The data were statistically processed with the use of Statistica 8.0 software suite. The quantitative variables were described using standard methods of variation statistics, for which the arithmetic mean was (M), and the standard deviation was (δ). The mean values were presented as M + δ. Qualitative variables were characterised as absolute and relative frequency ratios. The differences were considered veracious with p \< 0.05. For assessing the results, the following methods of statistical analysis were used: Student's t-test; nonparametric tests for variable samples that were incompatible with the law of normal distribution (Mann--Whitney U test, Wilcoxon test).

All studies were approved by the appropriate Ethics Committee and were therefore performed by the ethical standards laid down in the 1964 Helsinki Declaration. All persons gave their informed consent before being involved in the research.

To determine the tactics of knee joint treatment, the authors assessed the anatomical axis of the limb, the mechanical axis of the limb, the Q-angle, and evaluated positioning of the components in the post-surgery period. During pre-surgery planning, the method made it possible to identify predominant lesion of the medial sections of the knee joint under axial load, which changed the tactics of the planned surgery -- making unicondylar endoprosthetics instead of total knee arthroplasty. In planning the hip joint endoprosthetics with concomitant pathology of the vertebrarium, the authors managed to estimate the degree of pelvic bones displacement, the degree of scoliotic vertebral deformity, lower limb shortening ([Figure 7A](#F7){ref-type="fig"} and [7B](#F7){ref-type="fig"}). This allowed more precise pre-surgery planning and monitoring the positioning of endoprosthesis components after surgery.

![A) Pre-surgery planning with the normal anatomical axis of the lower limb; B) Pre-surgery planning with varus deformity of the lower limb](OAMJMS-7-2838-g007){#F7}

In the framework of pre-surgery planning before total hip arthroplasty, the authors evaluated the anatomical and mechanical axes of the limbs, and the degree of pelvic bones displacement during a CT examination with the help of devices that simulated the axial load, and without it. An important role for proper pre-surgery planning and for determining further tactics of treatment, in the opinion of the authors, was also played by studying the lumbar spine for identifying the vertebral column deformities, pathologies of the sacroiliac joint, and the degenerative-dystrophic changes in the spinal motion segment.

To monitor the efficiency of the method, CT scanning was performed by standard methods with pre-surgery planning, after which an examination with the use of the new method was performed with subsequent planning for further analysis and identifying the differences in the tactics of the surgical treatment.

The study was performed with 247 patients, of which 87 (35.3%) had hip joint endoprosthetics, and 160 (64.7%) had knee joint endoprosthetics. From the second group, 37 (23.1% of patients with knee endoprosthetics) had total endoprostheses installed in both knee joints.

Out of 247 patients, in 54 (21.9%) post-traumatic arthrosis was diagnosed, 163 patients (66%) had degenerative arthrosis, and the remaining 30 patients (12.1%) had dysplastic arthrosis.

As a result, information was obtained about changes in the plan of surgical intervention with fairly pronounced differences during the pre-surgery planning in the position of the components of the endoprosthesis after using the standard and the modified methods of examination, respectively. In planning hip joint endoprosthetics, surgeons most often changed the angles of acetabular components; the second frequent pattern was the difference in selecting the length of the prosthesis head. In planning knee joint endoprosthetics, surgeons most often changed the positioning of the tibial component and calculated the entry point for the intramedullary guide ([Figure 8A](#F8){ref-type="fig"} and [8B](#F8){ref-type="fig"}).

![A) Determination of the entry point for the femoral intramedullary guide with the normal axis; B) Determination of the entry point of the femoral intramedullary guide with varus deformity of the lower limb](OAMJMS-7-2838-g008){#F8}

Results {#sec1-3}
=======

For comparison of long-term results of prosthetics with the use of the new method, the authors chose for reference 247 case reports of patients with similar models of pathology, which had undergone endoprosthetics with the use of the standard planning methods. The data of assessment scales, the amount of movement and survival of the prosthesis were obtained ([Table 1](#T1){ref-type="table"}; [Figure 9](#F9){ref-type="fig"}). The WOMAC (Western Ontario McMaster Universities OA Index) estimation scale, which allows assessing the intensity of the pain syndrome in the osteoarthritis of the hip or knee joints in course of five activities in the standing position -- walking, climbing stairs, at rest, and at night \[[@ref15]\], \[[@ref19]\], \[[@ref20]\], was mainly used. The clinical characteristic of the patients was the following: most patients were female: 156 patients (63.2%), the average age was 63.16 ± 12.41. The duration of the disease ranged from 1 to 12 years; the average duration of aggravation was 6.0 ± 1.5 weeks. In most patients, radiographic osteoarthritis stage III was found (by Kellgren -- Lawrence) -- in 180 patients (72.9%), stage II -- in 25 patients (10.1%), and stage IV -- in the remaining 42 patients (17 %). In most patients (92%), a limited range of movement was noted, mostly in the degree of affected knee joints bending.

###### 

The data of assessment scales, the amount of movement and survival of the prosthesis

                                  WOMAC          The number of revision interventions       
  ------------------------------- -------------- -------------------------------------- --- ---
  Total hip arthroplasty (THA)    32.81 ± 9.63   31.32 ± 8.13                           5   1
  Total knee arthroplasty (TKA)   84.14 ± 8.74   37.26 ± 7.92                           7   2

![Adjustment of the acetabular component inclination in surgical treatment planning (before and after making scout images with axial load)](OAMJMS-7-2838-g009){#F9}

Pain syndrome intensity during movement ranged from 0 to 93 (82.43 ± 4.76) by the visual analogue scale. The functional state of the joints by the WOMAC index before surgery was 68.26 ± 7.51 mm. After a surgical intervention with the use of the standard method for the hip joint, the WOMAC index was 32.81 ± 9.63, and after total hip arthroplasty according to the modified method with pre-surgery planning with the use of the developed device, the index reached 31.32 ± 8.13. For the knee joint, the differences between the two groups were much more significant. WOMAC for the standard methodology was 84.14 ± 8.74. The results after total knee arthroplasty according to the method modified at the Department showed a reduction of the WOMAC index slightly more than twice down to 37.26 ± 7.92. The number of revision surgeries after endoprosthetics decreased from 5 (5.7%) to 1 (1.1%) for the hip joint, and from 7 (4.3%) to 2 (1.3%) for the knee joint, respectively.

Discussion {#sec1-4}
==========

In many countries, the importance of pre-surgery planning is acknowledged, and they try improving it to achieve the most optimal result. In Japan, during pre-surgery planning of hip joint endoprosthetics, they are guided by the pelvis inclination angle \[[@ref21]\], \[[@ref22]\]. German surgeons during pre-surgery planning use a 3D modelling application, magnetic resonance imaging, and fluoroscopy without axial load \[[@ref23]\], \[[@ref24]\]. In the United States, the importance of using digital templates in surgical practice is noted \[[@ref25]\], \[[@ref26]\]. In the studies in German authors, digital calibrated X-ray photographs are made, while in North America, they use individual tools prepared before the surgery \[[@ref5]\], \[[@ref27]\]. The work of specialists from Delft, the Netherlands is quite interesting; they note the correlation between the patient's shoe size and the size of implants used for primary knee joint endoprosthetics \[[@ref28]\], \[[@ref29]\].

The obtained results of our study show attractiveness of the pre-surgery planning method developed at the Department of Traumatology, Orthopedics and Disaster Surgery of the First MSMU n.a. I. M. Sechenov (Sechenov University). Modern literature describes many various techniques of improving pre-surgery planning of endoprosthetics of large joints of the lower extremities \[[@ref11]\], \[[@ref12]\].

The authors' method involves the use of a standard horizontal tomographic scanner, which makes it unique in terms of the scope of application, unlike the methods that involve the presence of a vertical tomographic scanner. The examination in the tomographic scanner takes a short time, usually less than one minute; there is a possibility of making additional slices to facilitate surgical planning. In medical literature, the use of the above device in combination with a horizontal computer tomograph, has not been described. In Russia, this method of pre-surgery planning for the patients with combined pathology of the hip and knee joints and lumbar spine has been granted a patent for invention No. 2651056 dated April 18, 2018 \[[@ref30]\]. As a result, this method has a distinct advantage in minimising the duration of examination and radiation exposure. With that, the informative value of the data obtained exceeds the standard methods of patient examination.

In conclusion, the use of the new method of pre-surgery planning for knee and hip joint endoprosthetics with concomitant spinal pathology allows to reduce the duration and improve the quality of pre-surgery planning to avoid repeated CT studies with low informative value of scout images, to reduce the time of surgery on the average by 17 minutes, and to improve treatment results and survival rate of the endoprostheses. For the examination, one can use a tomographic scanner with any number of spirals from various manufacturers. There is no need to use special planning software. The use of this method will significantly improve the quality of arthroplasty and reduce the time and costs for preparing a surgery.
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